The Effect of Paddle Number and Immersed Radius Ratio on Water Wheel Performance  by Tevata, Anurat & Inprasit, Chainarong
 Energy Procedia  9 ( 2011 )  359 – 365 
1876-6102 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of CEO of Sustainable Energy System, Rajamangala 
University of Technology Thanyaburi (RMUTT).
doi: 10.1016/j.egypro.2011.09.039 
Available online at www.sciencedirect.com
9th Eco-Energy and Materials Science and Engineering Symposium 
The Effect of Paddle Number and Immersed Radius Ratio on 
Water Wheel Performance 
Anurat Tevataa and Chainarong Inprasita* 
aDepartment of Mechanical Engineering, Faculty of Engineering, Rajamangala University of Technology Lanna Tak, 
 41 Moo 7 T. Mai-Ngam, Muang, Tak 63000, Thailand 
 
Abstract 
This paper aimed to study the effect of paddle number and immersed radius ratio on water wheel performance. The 
water wheel models were tested for their performances in water channel. 3 HP pump was used to circulate the water 
with the velocity in the channel of 0.3 m/s. The torque load was varied and the rotational speed was measured then 
the maximum power was determined for each water wheel model. The paddle number was varied from 6 to 12. The 
immersed radius was varied from 0.05 to 0.15 m when the whole radius of water wheel was fixed at 0.20 m in order 
to obtain the immersed radius ratio of 0.25, 0.5 and 0.75. From the result, it was found that the highest performance 
occurred when the paddle number was 6 and the immersed radius ratio was 0.5. The torque load at the maximum 
power depended on the immersed radius ratio. And at the same immersed radius ratio, the 6, 8 and 12 paddle number 
water wheel models had the same torque load at the maximum power. 
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1. INTRODUCTION 
A water wheel is a system for extracting usable power from the water flowing in a river or stream. 
There are 4 main types of water wheel. The first is undershot water wheel. It was shown in Fig. 1 (a). This 
type is the oldest. Vitruv described the type of water wheel in the 1st century B.C. It can be used wherever 
a swiftly running river is available. Its efficiency is around 25% in 19th century, this type of wheel was 
further developed. Especially the design by Poncelet reached an efficiency of 70%. 
The second is overshot water wheel. It was shown in Fig. 1 (b). Overshot water wheels are used since 
the 14th century. If they are well-made and the height of the upper water reservoir allows a large diameter 
of the wheel, an efficiency up to 75% or sometimes even 80% is possible. 
The third is breastshot water wheel. It was shown in Fig. 1 (c). This is the most recent type, being 
developed in 16th century. It is a compromise between the two basic constructions. Between the oldest 
versions which had up to 45% efficiency and the modern types can reach up to 75% efficiency. 
 
 
 
 
 
 
 
 
 
 
 
 (a) Undershot water wheel    (b) Overrshot water wheel 
 
 
 
 
 
 
 
 
 
 
 (c) Breastshot water wheel    (d) Stream wheel [1] 
Fig.1. Types of water wheel. 
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The last was stream wheel. It was shown in Fig. 1 (d). Currently, the stream wheel can be potentially 
quite interesting since its application would not constitute a major change of the river. However, very little 
is known about the performance characteristics and design requirements for such wheels. 
This paper aimed to study the effect of paddle number and immersed radius ratio on the stream wheel 
performance. The maximum powers of each paddle number and each immersed radius ratio were 
compared. 
2. EQUIPMENT AND METHOD 
To study the effect of paddle number and immersed radius ratio on water wheel performance, the 
water wheel model was tested in the water wheel model performance test set. The water wheel model 
performance test set as shown in Fig. 2 had a 0.3 m (W) x 0.35 m (H) sectional area water channel. Its 
length was 2.5 m. 0.9 m3 water was stored in the 0.9 m (W) x 0.7 m (H) x 1.5 m (L) water tank under the 
water channel. A 3 HP centrifugal pump was used for circulating water. Its volumetric flow rate was 1300 
LPM. The water level and velocity in water channel was 0.18 m and 0.3 m/s respectively. The water 
wheel model in this study had the radius of 0.2 m. It was supported by 2 roller bearings that could be 
slided in 4 vertical columns. A prony brake with the arm length of 0.2 m was used to vary water wheel 
torque load. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Base structure  2. Centrifugal pump  3. Control box 
4. Valve   5. Water Channel  6. Water wheel model 
7. Torque measuring set 8. Water tank  9. Velocity measuring channels 
Fig.2. Water wheel model performance test set. 
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The water wheel models with the paddle number of 6, 8 and 12 were tested to study the effect of 
paddle number. Each paddle had the area of 0.1 m (W) x 0.15 m (H). Each water wheel model was slided 
vertically to vary maximum immersed distance at 0.05, 0.1 and 0.15 m. The immersed radius ratio 
referred to the ratio between the maximum immersed distance (i) and the radius of water wheel (r) as 
shown in Fig. 3. So the immersed radius ratios in this study were 0.25, 0.5 and 0.75. 
 
Fig.3. The maximum immersed distance (i) and the water wheel radius (r). 
 
To test the water wheel models, the valve at the water pipe was opened and then the switch in the 
control box was turned on. Then the water in the water tank was pumped through water pipe to the water 
channel.  The water velocity was averaged from 5 velocities of 5 measuring channels. They were 
measured by flow meter. The water wheel torque load was varied by the prony brake. It was measured 
from the force applied by the prony brake arm on electronic balance. Then the torque load was 
determined by 
    T = W x r        (1) 
Where  T  = the water wheel torque load (N-m) 
  W = the force at the electronic balance (N) 
  R = the length of prony brake arm (m) 
 
The rotational speed of water wheel was determined by measuring the time that the water wheel used 
in 10 reverses of rotating. Then the rotational speed was determined by  
    N  = 10/t      (2) 
Where t = the measuring time (s) 
  N = the water wheel rotational speed (rev/s) 
 
Then the water wheel power could be determined by 
    P = 2STN       (3) 
Where P  was the water wheel power (W) 
 
The water wheel powers at any torque loads were plotted on graph, then water wheel models were 
compared for their maximum powers. 
r 
i 
Water level 
Water wheel 
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3. RESULTS AND DISCUSSIONS 
The results and discussions in this part were separated into two parts. The first was the effect of paddle 
number and the second was the effect of immersed radius ratio 
3.1. The effect of paddle number 
The power at any torque load of 6, 8 and 12 paddle number water wheel models were shown in Fig. 4. 
Each paddle had the area of 0.1 m (W) x 0.2 m (H) and immersed radius ratio was 0.5. It was found that 
the maximum power occurred when the paddle number was 6 at the torque load about 0.14 N-m. This 
may because of the lowest drag force at the paddle back. The maximum power for the paddle number of 8 
was little lower than the paddle number of 6. The paddle number of 12 showed the lowest power on every 
torque load. Because of their immersed radius ratio were the same, the maximum power occurred at the 
same torque load. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. The water wheel power at any torque load of 6, 8 and 12 paddle number water wheel models. 
 
3.2. The effect of immersed radius ratio 
The power at any torque load of 0.25, 0.5 and 0.75 immersed radius ratio water wheel models were 
shown in Fig. 5. Each paddle had the area of 0.1 m (W) x 0.2 m (H) and the paddle number of all water 
wheel was 6. It was found that the maximum power occurred when the immersed radius was 0.5 at the 
torque load about 0.14 N-m. This is because of the 0.75 immersed radius ratio had the large drag force at 
the paddle back. So the water impulse force at the paddle face was resisted by the drag force on the 
paddle back. The power was lower than 0.5 immersed radius ratio. And in the case of 0.25 immersed 
radius ratio, it had too small area than 0.50 immersed radius ratio. The 0.25 immersed radius ratio showed 
the lowest power and the water wheel model could not rotate when the torque load was higher than 0.14 
N-m. This is because of its water impulse area was too small. The water impulse force was lower than 
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torque load and the water wheel did not rotate. Then its power was zero in this region. The maximum 
power of each immersed radius ratio was significantly different. 
The Fig. 6 with the 8 paddle number showed the similar result to the Fig. 5. The maximum power 
occurred when the immersed radius was 0.5 at the torque load was about 0.15 N-m. But, in this case, the 
maximum power of 0.50 and 0.75 immersed radius ratio were closed. The 0.25 immersed radius ratio 
water wheel could not rotated over the torque load about 0.09 N-m. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The water wheel power at any torque load of  0.25, 0.5 and 0.75 immersed radius ratio (IR ratio) with 6 paddle number water 
wheel models. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. The water wheel power at any torque load of 0.25, 0.5 and 0.75 immersed radius ratio with  8 paddle number water wheel 
models. 
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4. CONCLUSION 
From the result, it was found that the highest performance occurred when the paddle number was 6 
and the immersed radius ratio was 0.5. The torque load at the maximum power depended on the immersed 
radius ratio. And, at the same immersed radius ratio, the 6, 8 and 12 paddle numbers water wheel models 
had the same torque load at the maximum power. 
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